Chemical synthesis of AdoMet analogs

Preparation of aminoalcohols
A solution (150 ml) of 4-phthalimidobut-2-yn-1-ol (7.6 g, 35 mmol, 1 equiv, prepared from 2-butyn-1,4-diol according to Thomson methodology) 1 or 6-phthalimidohex-2-yn-1-ol (8.5 g, 35 mmol, 1 equiv, prepared from 5-chloro-1-pentyne according to adapted methodologies) 2 in methanol was treated with hydrazine hydrate (3.46 ml, 70 mmol, 2 equiv). The reaction mixture was heated with reflux for 2 h and after cooling to room temperature the solvent was removed under reduced pressure (100 mmHg, 40°C). Water and ethanol (100 ml, 1:1 mixture) and conc. hydrochloric acid (100 ml) were added to the residue. The mixture was heated with reflux for 20 min and the precipitate removed by filtration. The filtrate was concentrated under reduced pressure (10 mmHg, 60 °C). The resulting 4aminobut-2-yn-1-ol hydrochloride residue was crystallized from methanol as a white solid. The 6aminohex-2-yn-1-ol was used in further reactions without crystallization. 4-Aminobut-2-yn-1-ol hydrochloride (14), yield 82%. 1 To a cooled solution (-80 °C) of the hepta-1,6-diyne (2 g, 25.6 mmol, 1 equiv) in 30 ml THF butyllithium solution in hexanes (3 ml, 30 mmol, 1.2 equiv) was added (modified method described in 3 ). Mixture was stirred for 1 h and paraformaldehyde powder (0.85 g, 25.6 mmol, 1 equiv) was added in one portion. The stirring mixture was allowed to warm to room temperature over ~4 hr. The suspension of paraformaldehyde gradually dissolved during this period. The reaction was quenched by addition of 50 ml of ice-cold water. The aqueous layer was separated and extracted with three 50 ml portions of diethyl ether. Combined organic layers were dried over anhydrous magnesium sulfate and evaporated. Product was purified via flash chromatography (silica gel flushed with chloroforme, target product eluted with ethyl acetate step gradient). Two separately eluting fraction were collected which gave clear oil. NMR spectra confirmed that one fraction is octa-2,7-diyn-1-ol (0.8 g, 7.4 mmol, 29% yield) and the other -nona-2,7-diyne-1,9-diol (0.67 g, 4.9 mmol, 19% yield). Octa-2,7-diyn-1-ol (16), 29% yield. 1 To a solution of the 6-chlorohex-2-yn-1-ol (0.1 g, 0.74 mmol, 1 equiv) in 5 ml DMF sodium azide (0.147 g, 2.26 mmol, 3 equiv) and tetrabutylammonium bromide (0.024 g, 0.074 mmol, 0.1 equiv) were added. The mixture was stirred for 24 h at 80 °C (sand bath) temperature, then 5 ml of water was added to reaction vessel. Target product was extracted with diethyl ether (3 x 10 ml), combined organic layers were dried over magnesium sulphate and evaporated. Purification of product via flash chromatography (silica gel 5-40 μm, flushed with benzene, target product eluted with dichloromethane) afforded clear oil after removal of eluent under reduced pressure. 6-Azidohex-2-yn-1-ol (17), 70% yield. 1 H NMR (300 MHz, CDCl 3 , ): 1.81 (m, -CH 2 -and -OH, 3 H), 2.37 (tt, J = 6.9, 2.4 Hz, -C≡CCH 2 -, 2H), 3.44 (t, J = 6.9Hz, -CH 2 -, 2H), 4.28 (t, J = 2.4 Hz, -CH 2 -, 2H); 13 C NMR (75 MHz, CDCl 3 , ): 16.3, 27.9, 50.0, 51.5, 79.6, 84.7; IR: ν (cm -1 ) = 3350 (OH), 2223 (C≡C), 2100 ( N 3 ).
Protection of reactive amino group
Protection of a primary amino group in aminoalcohols was performed according to published procedures. 4 
4-(N-Boc-amino)but-2-yn
Extending aminoalcohols by CDI coupling
4-(N-Boc-amino)butanoic acid (2 g, 10 mmol, 1 equiv, prepared in analogy to 4 ) was dissolved in anhydrous tetrahydrofuran (20 ml), carbonyldiimidazole (CDI) (1.8 g, 11 mmol, 1.1 equiv) was added, and the resulting clear solution was stirred at room temperature for 2H. Then, the aminoalcohol (1.2 g 4-aminobut-2-yn-1-ol hydrochloride or 1.5 g 6-aminohex-2-yn-1-ol hydrochloride, 10 mmol, 1 equiv) and triethylamine (2.8 ml, 20 mmol, 2 equiv) were added and stirring was continued at room temperature for 2 h. The solvent was removed under reduced pressure (50 mmHg, 40 °C) and the crude product was purified by column chromatography (silica gel, 40 g, chloroform/ethylacetate 1:1). Product containing fractions were pooled and solvent was removed under reduced pressure. 
Activation of alcohols by sulfonylation
An but-2-yn-1-ol (22) and pent-2-yn-1-ol triflates (23) were prepared according to 5, 6 and used for the AdoHcy alkylation without purification. The 4-nitrobenzenesulfonyl addition was performed following amodified previously described procedure. 7 4-Nitrobenzenesulfonyl chloride (0.90 g, 4 mmol, 1.1 equiv) and sodium hydroxide (0.74 g, 18.5mmol, 5 equiv) were added to a solution of protected aminoalcohol (3.6 mmol, 1 equiv) in methylene chloride (15 ml) at 0°C. After stirring the reaction mixture for 3 h at room temperature sodium hydroxide was filtered, the reaction was quenched with 20 ml of cold water, extracted with methylene chloride (3 x 10 ml) and the combined organic layers dried over sodium sulfate. The sample was passed through a glass filter and concentrated under reduced pressure (200 mmHg, 30 °C) as a slightly yellow solid. But-2-yn-1-ol triflate (22). 1 
Preparation of 6-azidohex-2-ynyl-4-nitrobenzenesulfonate
To cooled (0°C) solution of 6-azidohex-2-yn-1-ol (14) (0.073 g, 0.52 mmol, 1 equiv) in anhydrous THF (5 ml) potassium tert-butoxide (0.055 g, 0.49 mmol, 0.9 equiv) was added, after several minutes to clear solution a 4-nitrobenzenesulfonyl chloride (0.110 g, 0.49 mmol, 0.9 equiv) was added. Reaction mixture was stirred for 2 h, then solvent was evaporated under reduced pressure, and residue purified via flash chromatography (silica gel 5-40 μm, flushed with benzene, target product eluted with dichloromethane). Removal of eluent afforded target product as yellowish powder (m.p. 37-38 °C). 
S-Alkylation of S-adenosyl-L-homocysteine (10)
An activated alcohol (100-200 equivalents of triflate, prepared according to (Ross et al., 2000) , or 10-30 equivalents of 4-nitrobenzenesulfonyl ester, or 6 equivalents 6-Azidohex-2-ynyl-4-nitrobenzenesulfonate (see above)) was slowly added to S-adenosyl-L-homocysteine (AdoHcy, 10, 10-30 mg, 1 equiv) in a 1:1 mixture of formic acid and acetic acid (0.5-1.0 ml) at 0 °C. The solutions were allowed to warm up to room temperature and incubated with shaking. After specified times (2-24 h) the reactions were quenched by adding water (5-10 ml). The aqueous phase was extracted three times with equal volume of diethyl ether and water was removed in rotary evaporator (10 mmHg, 30 °C). Residue was dissolved in 10 ml of HPLC buffer. Purification of cofactors 2 and 3 was performed by preparative reversed-phase HPLC. The 4-nitrobenzenesulfonate was removed by passing solution through Dowex 1 anion exchanger column prior the HPLC purification. Deprotection of amino group was performed by adding two volumes of CF 3 COOH to the water solution of AdoMet analogue and incubating for 1h at room temperature. This procedure completely removes Boc protecting group since no protected cofactor peak appeared after such treatment.
Purification of AdoMet analogs
Purification of AdoMet analogs was performed by preparative reversed-phase HPLC (Supelco Discovery C18 Supplementary Table S1 . Proton chemical shifts of -CH 2 -groups around the sulfonium center and activated transferrable moiety in AdoMet and its synthetic analogs.
Supplementary Tables
* time-dependent loss of resonance in D 2 O due to exchange of H with D. Supplementary Table S2 . Apparent catalytic turnover rates (h -1 ) of M.HhaI variants in reactions with AdoMet and its analogs as determined in DNA protection assays (see Figure S5 ). Cofactor Chemical shift (ppm) Reference 1'' -CH 2 -*/-CH 3 5' -CH 2 --CH 2 
